Objective: To apply lean thinking in triage acuity level-3 patients in order to improve emergency department (ED) throughtput and waiting time. Design: A prospective interventional study. Setting: An ED of a tertiary care hospital. Participants: Triage acuity level-3 patients. Intervention(s): To apply lean techniques such as value stream mapping, workplace organization, reduction of wastes and standardization by the frontline staff. Main Outcome Measure(s): Two periods were compared: (i) pre-lean: April-September, 2015; and (ii) post-lean: April-September, 2016. Variables included: median process time (time from beginning of nurse preparation to the end of nurse finalization after doctor disposition) of both discharged and transferred to observation patients; median length of stay; median waiting time; left without being seen, 72-h revisit and mortality rates, and daily number of visits. There was no additional staff or bed after lean implementation. Results: Despite an increment in the daily number of visits (+8.3%, P < 0.001), significant reductions in process time of discharged (182 vs 160 min, P < 0.001) and transferred to observation (186 vs 176 min, P < 0.001) patients, in length of stay (389 vs 329 min, P < 0.001), and in waiting time (71 vs 48 min, P < 0.001) were achieved after lean implementation. No significant differences were registered in left without being seen rate (5.23% vs 4.95%), 72-h revisit rate (3.41% vs 3.93%), and mortality rate (0.23% vs 0.15%). Conclusion: Lean thinking is a methodology that can improve triage acuity level-3 patient flow in the ED, resulting in better throughput along with reduced waiting time.
Introduction
Emergency department (ED) crowding is a major concern that affects both patients and healthcare providers around the world [1] . As a consequence, prolonged waiting times have been recognized as a major barrier to timely access emergency care in recent years [1, 2] .
These delays in the ED compromise quality of care and patient safety and have been shown to increase mortality and healthcare costs [2] . Although there are a variety of medical, social, financial and other external causes for crowding, there is also tacit recognition that internal inefficiencies, such as poor patient flow and inadequate resource utilization, may also contribute to delays in care and subsequent overcrowding.
Lean thinking is a set of business operating principles developed by Japanese auto manufacturers [3] that has been successfully used in healthcare [4] [5] [6] . Two basic lean concepts are: the relentless promotion of flow and elimination of waste through standardization of processes and the involvement of all employees in process improvement [7] . Waste is defined as any action that does not add value to the patient from the patient point of view.
The aim of this study was to analyse the ED process in acuity level-3 patients using lean thinking and re-engineer this process in order to decrease ED throughput time, and subsequently, waiting time.
Patients and method

Study design
This was a prospective interventional study focused on the application of lean thinking in triage acuity level-3 patients. Two periods of time were selected: (i) pre-intervention: April-September 2015; and (ii) post-intervention: April-September 2016. The study was approved by the Ethics Committee of the hospital.
Setting and population
The hospital is located in Barcelona (Catalonia, Spain) and is a nonprofit 700-bed tertiary care adult teaching hospital. It is funded by the Catalonian Department of Health. At the time of the study, the ED annually attended~91 000 patients of all specialties except paediatrics and obstetrics, with the latter being attended in another setting. Upon arrival, all patients are assessed by certified triage nurses and are classified into one of the following five acuity levels using the Model Andorrà de Triatge (MAT or Andorra Triage Model) scale: [8] MAT-1 (resuscitation), MAT-2 (emergent), MAT-3 (urgent), MAT-4 (less urgent) and MAT-5 (non-urgent). Depending on the nature of the presenting complaint, patients are also assigned to one specialty: medicine, surgery, orthopaedics or psychiatry. Then, according to the specialty and the triage level assigned, they are sent to specifically designated areas. Each area has a different size and staff depending on the number of expected patients. The MAT-3 medical area is the busiest ED area attending~23 000 patients per year, and at the time of the study, MAT-3 accumulated the longest delays and was therefore selected for lean analysis and intervention.
Pre-intervention: Process before the application of lean thinking
The MAT-3 medical area has eight boxes and 16 treatment points (2 in each box) and is staffed by three registered nurses, one nursing assistant and one porter. Regarding the medical staff, there are two consultants during the morning and afternoon shifts and one consultant during the night shift. Residents of all medical specialties from the hospital rotate throughout the ED. A senior resident (half residency already completed) is usually scheduled to this area along with one or two junior residents (half residency not yet completed).
Before lean thinking was implemented, MAT-3 medical patients remained in the waiting room unless a treatment point was free. When a treatment point became free, patients were consecutively evaluated by a nurse and prepared for medical assessment. Patients were not assigned to a specific doctor but rather were attended by a physician who was free. Following assessment, the patient was either discharged or tests, radiographies and medications were ordered. Before orders were processed junior residents had to discuss the case with a consultant. Furthermore, orders were often carried out in a non-consecutive manner leading to repetition of nursing work and overburden since physicians gave the orders to the first nurse available. Likewise, porters would find X-ray orders from more than one patient in the porter rack without any prioritization, unnecessarily duplicating the workload of both nurses and porters. Indeed, on some occasions the porter could come to take a patient who was not yet prepared for undergoing any diagnostic tests. After the radiography tests, patients would wait at the treatment point for test results and disposition. However, during the frequent occasions of ED overcrowding, consultants attending multiple patients would often fail to remember to review test results further lengthening the patient wait. Following receipt of the test results, residents were required to discuss the final patient disposition with a consultant. Thereafter disposition, patients had to wait again for an available nurse that prepared them either to be discharge or to be transferred to the observation unit for further studies, treatment or hospital admission. Box availability was often further extended because porters were too busy, or when free, came to take a nonprepared patient.
Intervention: lean application
Two people from the ED executive team are certified lean practitioners. In October 2014, a general meeting was held and attended by all the staff to discuss the chaos in the triage process, achieving consensus about the need for change. A multidisciplinary lean group was created, including doctors, nurses, nursing assistants, porters and administrative personnel. An 8-h workshop was given on the basic lean principles and tools. Following the workshop, the group developed a current state value stream map and agreed to focus on the part of the process that entirely depended on a good MAT-3 area staff coordination: Specifically, from the moment that a nurse assigned a new patient to a box to the moment that this patient was discharged home or transferred to an observation unit. Each step was recorded and measured, identifying all the waste ( Table 1 ). The process actually lasted 320 min (lead time) with 240 min of nonadded value or waste and 80 min (40 min of nurse and 40 min of doctor) of added value. A new target lead time of 160 min was set: 80 min of added value, 60 min for lab results and 20 min between steps that could not be eliminated. To achieve this goal and eliminate as much waste as possible the following changes were made.
To reduce motion and transportation, the area was divided into three zones: two with five and one with six treatment points. The nursing chart inventory was reduced and 5 S (a workplace organization method) was performed in every chart and in each zone. In short, broad staff consensus was reached on which materials and equipment had to be in place, and how and where they had to be placed in each zone. All the equipment assigned to each team was marked with a specific colour tape with a diagram of the equipment on the wall to show where the equipment should remain after use. The floor of each zone was also marked with a wide line of the same colour as the equipment. Despite safety being an integral part of each of the original 5 S phases, a sixth S was added. Thus, all phases were reviewed from a safety point of view to ensure that no potentially hazardous situations for staff and patients could have escaped the 5 S implementation.
To avoid waits and enable process flow, three teams of one nurse and one doctor working together were created: Two teams made up of one nurse and one consultant and one team of one nurse and the senior resident. Senior residents were considered as almost a consultant, and would seek consultant advice only in case of doubt. Junior residents were specifically assigned to one consultant. On the night shifts, only two teams were needed. One coloured zone was assigned to each team. The next step was to standardize the process. Each patient needed 40 min of both doctor and nurse work, therefore a new patient was selected and prepared by a nurse every 40 min. Nursing work was split into two steps of 20 min each: 10 min to take one patient out of the box plus 10 min to put a new patient in the box, and 20 min to perform tests and give medications. The same was done with doctor work: 20 min to assess the patient and order tests and medications and 20 min to review the patient, test results and decide disposition. These steps were sequenced so as to create a firstin first-out process to avoid patient batching, reduce variability, and ensure continuous process flow. A flow sheet template was created for each team for visual management of the whole patient process (Fig. 1 ). Doctors and nurses were strongly encouraged to fully complete one step before moving to the next step, avoiding overprocessing and work repetition. Doctors gave all orders to the nurse, including the X-ray requests which were placed in the porter rack only when nursing work with the patient had been completed, thereby avoiding the repetition of porter tasks. Finally, a patient could have an accompanying person, usually a relative, to bilaterally foster information flow. To test this new process, six 'plan-docheck-act' pilots were carried out. The results of these pilots showed that some patients required more than 40 min of doctor and/or nurse work due to disease severity or deterioration during ED assessment. In these cases, the patient would ideally be moved to the MAT-2 area. However, if there was no availability in this area, the patient would remain in the MAT-3 medical area. In cases such as these requiring extra time, the team did not treat new patients and the next patient was assigned to another team. Conversely, if one patient needed <40 min of doctor and nurse care because no tests were required and disposition was decided after the first doctor assessment, the team could immediately visit a new patient (Fig. 1) . The new process was implemented on 28 September 2015.
Measurements
All the data were obtained from the hospital electronic medical record and patient-tracking system used in the ED. Specifically, the process time (time from the moment that a nurse assigned a new patient to a box to the moment that this patient was discharged home or transferred to an observation unit), length of stay and the waiting time (time from registration to the beginning of nurse preparation) of each patient were recorded. As a primary variable, the median process time for patients discharged directly from the ED and for those transferred to the observation unit patients were MD will ensure that they order all tests and medications at the same time MD making X-ray orders without determining whether or not the patient is ready (MD defect-Porter rework)
MD will give X-ray order to RN. RN will place X-ray order in porter rack when patient is prepared. One porter rack per team MD requesting transfer to observation unit. Patient not prepared (MD defect-Porter rework)
MD will tell RN about transfer to observation unit. RN will request transfer when patient is prepared calculated separately. The median length of stay and the median waiting time were also evaluated as secondary variables. Variables with potential unintended consequences regarding quality of care of MAT-3 patients such as the daily left without being seen (LWBS) rate, daily 72-h revisit rate and daily ED mortality rate were also recorded. Finally, the following possible confounders that could complicate the interpretation of results after the application of lean thinking were also registered: the daily number of MAT-3 medical patients and the daily number of patients in the observation unit waiting for a bed at 8:00 AM, since a reduction in the capacity of the observation unit could lead to a longer stay in the MAT-3 medical area, with the subsequent negative effect on the primary variable.
Statistical analysis
Quantitative variables were expressed as means with standard deviation or medians with interquartile range when normality was violated. Normality was assessed by the Kolmogorov-Smirnov test. For comparisons between the two periods of before and after the application of lean thinking, the Mann-Whitney U test (for variables with a non-normal distribution) and the Student's t-test (for variables with a normal distribution) were used. To assess the stability of the new process in patients discharged and those transferred to the observation unit, box plots for each month were drawn and compared. All the P-values reported were two tailed, and P < 0.05 was considered of statistically significant. The statistical analyses were performed using the SPSS software package (SPSS 20 version, SPSS Inc, Chicago, IL, USA).
Results
A significant improvement in primary and secondary variables was recorded after the implementation of lean thinking. Thus, a reduction was achieved in the median process time in both discharged (from 182 to 160 min, P < 0.001) and transferred to observation (from 186 to 176 min, P < 0.001) patients. Similarly, the median length of stay was reduced by 60 min (from 389 to 329 min, P < 0.001). These decreases were also accompanied by a significant 23-min reduction in the median waiting time (from 71 to 48 min, P < 0.001), in spite of significant increases in the daily mean number of both MAT-3 medical patients (from 64.08 to 69.42 min, P < 0.001) and patients in the observation unit waiting for a bed at 8:00 AM (from 26.34 to 30.29 min, P = 0.001). Regarding quality variables, there were no significant differences in the LWBS rate (from 5.23 to 4.95%, P = 0.45), in the revisit rate (from 3.41 to 3.93%, P = 0.07), or in the ED mortality rate (from 0.23 to 0.15%, P = 0.18). These results and the percentage of change are shown in Table 2 . The potential benefit of the implementation of lean thinking and the absolute change (with 95% confidence interval) for each variable are shown in Fig. 2 . Finally, in addition to a reduction in time, the monthly process time box plots for patients discharged or transferred to observation demonstrated a significant improvement in variability and greater stability following the implementation of the lean process (Fig. 3) .
Discussion
The present study demonstrates how a clinical process, in particular the care of MAT-3 medical patients, can be redesigned and significantly improved with lean thinking. The lean principles, also referred to as the Toyota Production System, are ubiquitous in the manufacturing sector, especially in the automotive industry [3, 7] . These principles may be applied to any business system and have been successfully used in healthcare [4] [5] [6] . In short, lean thinking concentrates on attaining continuous flow through a process by identifying value steps and eliminating waste. If a step does not add value or results in a redundancy to the next user in the process, it impedes quality and flow and is eliminated. Quality and productivity improve by further reducing waiting time between steps, providing exactly what the next user in the process requires. Frontline staffs are taught to identify waste and to improve and standardize their steps in the process [9] . There have been some previous attempts to implement lean thinking in the ED [4, , but the results obtained have not always been considered of clinical relevance. Generic lean principles are interpreted and adapted to the unique local context of each organization. The only common point is the methodology, not the solution. That means that when properly applied and adapted to a specific scenario lean thinking is able to actually improve ED flow and care quality. Organizations that have correctly understood these principles have achieved not only statistically significant results, but also clinically relevant improvements [14-16, 22, 26-29] . It is important to point out the way this approach was applied in the present study because it may make the difference between failure and success. The commitment of the ED executive team along with the creation and empowerment of a multidisciplinary team of frontline staffs were the key to success. Since, frontline staffs have greater insight into the processes, they were empowered to find solutions to problems that created waste, slowed flow and decreased care quality in the ED. This bottom-up instead of top-down approach, led to more enthusiastic acceptance of the new process by the rest of the personnel and successful Figure 2 Differences of changes in variables before versus after the implementation of lean thinking. Rhombuses denote the mean differences. Horizontal bars denote the 95% confidence interval for the difference of changes before and after lean implementation (LWBS, left without being seen).
implementation was more easily achieved. The ED executive team had a double role: they facilitated the necessary means to allow for implementation and were involved in issues that arose during the analysis and implementation, acting as actual consultors in lean methodology. A consultant who masters the methodology is mandatory in each lean project. It was also of note in the present study that an external consultor was not necessary because of available internal knowledge and skills. In general, staff can be reluctant to have external interference in their everyday activities, and may neither accept nor become accustomed to being observed or corrected.
We believe that it is likely that having the ED executive team as the implementing consultants helped to foster the overcoming of internal resistance. Nevertheless, the journey to adequately implementing the lean thinking process was far from simple. The most difficult challenge was to abandon old ways of doing things and moving forward to the new standardization of the process. This was very demanding for the team and required constant surveillance during 3 weeks, including nights and weekends. The staff have now fully internalized the new process and therefore the improvements obtained are not likely to be lost. However, a real transformation to lean thinking is still far from being fully attained. The cultural change involved in a continuous process improvement philosophy will take more time and, in our experience, cannot be fully realized merely by the application of some lean tools.
The present study has some limitations. Firstly, there may be some concerns about its external validity since it was performed in a single centre. Moreover, the application of lean thinking in only one part of the ED questions whether it would work in other better organized ED areas. In the near future, the methodology will be implemented in the observation area, and thereafter, area by area to the rest of the ED. However, as mentioned previously, what is important is not where lean is applied but rather how lean methodology, if properly applied, can lead to solutions that achieve process improvements almost everywhere. Secondly, one study reported that lean also affects the employees responsible for carrying out the work [31] , but this aspect has yet to be analysed. Regarding ED staff, one study found that process standardization, once the initial resistance to change was overcome, increased staff satisfaction, decreased staff turnover, and improved the use of staff' skills [24] . Thirdly, the greatest challenge in implementing lean thinking involves sustaining the results achieved. In the present study the first six months after the implementation were excluded from the analysis in order to neutralize the start-up time. The results obtained indicate that the new process is implemented and working successfully from not only a patient but also a staff point of view which indirectly indicates an increase in staff satisfaction.
In conclusion, the present study demonstrates that lean thinking can improve patient flow in the ED, specifically of those seen in the MAT-3 medical area with no additional staff or beds. This improvement was achieved without a decrease in the quality markers analysed, in spite of an increase in the number of daily visits.
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